Introduction
============

About 15% of couples are infertile and male factor infertility contributes to about 50% of the infertility cases ([@r1]). The majority of male infertility is idiopathic, which indicates that the patient has unexplained abnormalities in sperm parameters, or unexplained azoospermia. However, there are multiple known causes of male infertility, and several have a pharmacologic option as the first line of treatment. The medical treatment of known causes of male infertility tend to have targeted and high success rates. In cases of idiopathic or genetic causes of male infertility, the medical management tends to be empirical and is directed for the purposes of optimization.

It is important to appreciate that testicular function involves both the production of testosterone (T) and spermatogenesis, and this function is highly regulated by the hypothalamic-pituitary-gonadal (HPG) axis. Spermatogenesis is dependent on high levels of intratesticular T and follicle-stimulating hormone (FSH) stimulation of the Sertoli cells ([@r2]). Despite the requirement for T for spermatogenesis, the administration of T and other androgens have contraceptive properties; they exhibit a negative feedback on HPG and thus inhibit luteinizing hormone (LH) stimulation of intratesticular T production, as well as FSH stimulation of Sertoli cells, and should be avoided. For most known causes of male infertility, the therapeutic goal is the maintenance of the reproductive axis to increase testicular T. However, in certain men with primary testicular failure or idiopathic male infertility, a specific medical therapy has not been identified, and empiric medical treatments are often used. This review article will focus on the non-surgical treatments currently available for male infertility and review the data on the efficacy of those therapies, the list of medications reviewed are summarized in [*Table 1*](#t1){ref-type="table"}.

###### Reviewed medical treatment of male infertility

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Substance                                                                   Administration               Dosage and frequency                                  Current availability
  --------------------------------------------------------------------------- ---------------------------- ----------------------------------------------------- -------------------------------------------------------------------------------------
  GnRH                                                                        Subcutaneous infusion pump   25-200 ng/kg per pulse every 2 hours                  Only in specialty centers or part of clinical trials

  Human chorionic-gonadotropin (hCG)                                          Subcutaneous/intramuscular   1,500-3,000 IU\                                       Available, FDA approved for treatment of infertility due to gonadotropin deficiency
                                                                                                           2 times/week                                          

  Human menopausal gonadotropin (hMG)                                         Subcutaneous/intramuscular   75 IU 2-3 times/week                                  Available, FDA approved for treatment of infertility due to gonadotropin deficiency

  Highly purified or recombinant human follicle-stimulating hormone (rhFSH)   Subcutaneous/intramuscular   100-150 IU 2-3 times/week                             Available, FDA approved for treatment of infertility due to gonadotropin deficiency

  Dopamine agonist                                                            Oral                         Cabergoline (0.5-1 mg twice weekly), bromocriptine\   FDA approval for treatment of hyperprolactinaemia
                                                                                                           (2.5-5.0 mg twice weekly)                             

  Aromatase inhibitors                                                        Oral                         Anastrozole 1 mg/day                                  Off label use

  Letrozole 2.5 mg/day                                                        Off label use                                                                      

  Testolactone                                                                Not available in the USA                                                           

  Selective estrogen receptor modulators (SERMs)                              Oral                         Clomiphene citrate titrate to 50 mg/day               Off label use

  Tamoxifen 20 mg/day,\                                                       Off label use                                                                      
  toremifene 60 mg/day,\                                                                                                                                         
  raloxifene 60 mg/day                                                                                                                                           
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hormonal treatment
==================

Gonadotropin-releasing hormone (GnRH)
-------------------------------------

The pulsatile release of GnRH in the hypothalamus stimulates the release of FSH and LH from the anterior pituitary. In men, normal levels of FSH and LH are responsible for induction of spermatogenesis and maintaining high levels of testicular T ([@r3]). Pulsatile administration of GnRH is an effective treatment to replace GnRH deficiency in infertile men with hypogonadotropic hypogonadism (HH) due to a lack of secretion from the hypothalamus (e.g., Kallmann's syndrome, idiopathic HH). Men with HH have reduced fertility that is usually restored by reestablishing the high intra-testicular T and the FSH stimulation of Sertoli cells ([@r4]). The goal of GnRH therapy is to stimulate the release of gonadotropins from the anterior pituitary and subsequent pathways in the HPG ([@r3]). The most effective dose for pulsatile GnRH is a dose between 5-20 µg every one to two hours delivered by a subcutaneous pump or needle ([@r5]).

GnRH is very effective in inducing spermatogenesis as early as four months after the start of therapy ([@r6]). Pulsatile GnRH therapy induces spermatogenesis in about 85% of patients ([@r7],[@r8]), and on average 60% of couples will achieve pregnancy after nine months of treatment, and can take up to two years ([@r9]). Some men who receive GnRH will see an improvement in their sexual characteristics such as increase in the testicular volume, and other features like pubic hair growth. These changes can be used as clinical markers to monitor treatment. Increase in testicular size, normalization of gonadotropin and T levels, maturation of secondary sexual characteristics, normal baseline inhibin B levels, and absence of cryptorchidism are positive predictors of treatment success ([@r10]). When pulsatile GnRH treatment fails to mount a clinical response, the method of administration, effectiveness of the dose, or other causes such as formed anti-GnRH antibodies should be evaluated as part of the differential diagnosis ([@r8]). GnRH is successfully used in the treatment of men with HH, but currently there is a lack of evidence to support its use in the treatment of idiopathic infertility. About 10% of patients with HH might not require longtime treatment; there is evidence that the hypothalamus will produce and secret GnRH after treatment is withheld for a short period of time ([@r11]). Despite the great outcomes that are experienced in pulsatile GnRH treatment, its use is limited by availability, inconvenience of delivery by carrying a pump, and the need to regularly change subcutaneous needles.

Gonadotropins
-------------

The treatment of male infertility in men with pituitary insufficiency (e.g., pituitary adenoma, systemic diseases such as hemochromatosis and sarcoidosis) is based on the use of gonadotropins, therefore spermatogenesis and T production cannot be induced by pulsatile GnRH. Gonadotropins were previously extracted from urine. With advancement in laboratory technology, human chorionic gonadotropin (rec-hCG), FSH (rec-hFSH) and LH (rec-hLH) or highly purified urinary gonadotropins are used with superior quality, activity and performance. There have been no confirmed differences in the safety, purity, or clinical efficacy among the various available highly purified or recombinant gonadotropin products ([@r12]).

Initially, hCG is administrated alone. After several months of treatment, if no sperm is detected but adequate serum T levels are achieved, then treatment with FSH is introduced ([@r13]). Gonadotropins are self-administered subcutaneous injections with dosages ranging between 75-150 IU of FSH or human menopausal gonadotropin (hMG) two to three times weekly plus 1,500-2,500 IU of hCG twice weekly. The duration of treatment may vary from 6-24 months or more and typically continues until sperm appears in the ejaculate and/or when pregnancy is achieved. Most studies have shown that gonadotropins induce spermatogenesis in approximately 80% of treated men ([@r14]), with some demonstrating the use of hCG combined with hFSH, urine-hFSH, or hMG-inducing spermatogenesis in up to 94% of men ([@r15]). The time it takes for sperm to appear in the ejaculate varies, most study reporting an average time of seven months and average time of 28 months to achieve pregnancy ([@r16]). A multicenter, safety study demonstrated that the combination of hCG and rhFSH induces spermatogenesis in men with HH who failed to respond to treatment with hCG alone ([@r17]). The pregnancy rate also varies between studies, 38% to 51% of couple who seeks treatment obtain pregnancy ([@r9],[@r17]). The gonadotropins also increased T levels and testicular volume with relatively few side-effects ([@r13]). Several factors correlate with the response to treatment. Cryptorchidism, small testicles, elevated BMI, and extreme gonadotropin insufficiency are generally considered a negative prognostic indicator for treatment with gonadotropins ([@r13],[@r18],[@r19]). Gonadotropins are generally well tolerated, and proper dose adjustments to optimize T levels will minimize side effects such as gynecomastia, acne, influenza-like symptoms, and weight gain.

Even though GnRH and gonadotropins have proven their benefit and shown success in the induction of spermatogenesis in HH, there is limited evidence for the use of gonadotropins in men with idiopathic infertility. Some of the randomized controlled studies that evaluated the use of hMG or FSH in combination with hCG for the treatment of normogonadotropic oligoasthenoteratozoospermia (OAT) did not show any benefits from treatment ([@r20],[@r21]). However, some studies have shown that men with hypospermatogenesis on a fine needle aspiration will have improvement in the seminal parameters and pregnancy rates when treated with gonadotropins compared to other pathology on testicular tissue ([@r22]). Currently, there is a lack of consensus on the use of FSH or LH substitute for the treatment of idiopathic OAT and NOA, and since the majority of men with testicular failure have elevated FSH greater than 8.4 IU/liter ([@r23],[@r24]), the rationale to administer more gonadotropins is not completely justified. Therefore, these treatments should be considered empirical and more evidence from placebo-controlled trials is required.

Dopamine agonist
================

For men presenting with infertility and hyperprolactinemia, prolactin-secreting pituitary adenoma (most common functional tumors) should be considered as the underlying cause. Tumors that cause stalk compression and hyperprolactinemia should not be treated with a dopamine agonist. Elevated levels of prolactin inhibit the pulsatile secretion of GnRH, men will present with hypogonadism and infertility, and they might also experience headaches or visual field changes secondary to the pituitary tumor compression. In this setting, dopamine agonists are indicated for the treatment of infertility and the pituitary tumor. Both bromocriptine and cabergoline have been used in the past. However, there is evidence that cabergoline is more effective than bromocriptine in suppressing prolactin production ([@r25]), and has been shown to normalize prolactin levels in 70% of bromocriptine-resistant patients ([@r26]). Therefore, cabergoline (0.125-1.0 mg twice weekly) is the preferred choice because it has the highest efficacy in normalizing prolactin levels and shrinking prolactin-secreting tumors. Patients that fail to achieve normal prolactin level on maximally tolerated dose, or experience less than 50% reduction in tumor size, and fail to restore fertility most likely have dopamine agonist resistance. The current recommendation for tumors that are resistant to dopamine agonist is to increase the medication dose, or switch from bromocriptine to cabergoline. Patients that fail cabergoline or dose modification are recommended to undergo surgery ([@r27]).

Aromatase inhibitor (AI) therapy
================================

AI treatment of men with idiopathic OAT or azoospermia is an off-label use of this medication. AIs (anastrozole 1 mg daily, or letrozole 2.5 mg daily) increase T, decrease estrogen levels, and inhibit the peripheral metabolism of T. The intent is to reduce the estrogenic effect on spermatogenesis. High estrogen levels in combination with low T levels have been shown to impair proper spermatogenesis ([@r28]). More importantly, elevated levels of estrogen will lead to feedback inhibition of the HPG axis, and the end result is a decrease in the LH necessary for the production T, and FSH to optimize sperm production ([@r29]). The activity of aromatase inhibition regardless of patient BMI suggests that aromatase activity in the Leydig cells is responsible for the T to estradiol (E) conversion and impaired semen parameters ([@r30],[@r31]).

A small study of high dose testolactone did not affect semen quality, or pregnancy rates in men with idiopathic oligozoospermia, however T/E ratios were not affected with treatment in this trial ([@r32]). The use of testolactone in another trial of men with idiopathic infertility and T \<300 ng/dL with T/E ratio \<10^:^1, showed improvement in the hormonal profile and semen parameters ([@r33]). These findings suggest that at least a small subset of male infertility patients with elevated serum E levels may benefit from treatment with low dose testolactone. However, there is some evidence that high dose testolactone treatment may actually inhibits T production, so it may not be effective in improving sperm production and fertility. Candidates for aromatase inhibition have usually been identified as men with serum and T \<300 ng/dL and T/E ratios \>10 ([@r33]).

In a non-controlled study comparing anastrozole and testolactone (74 received testolactone, and 104 received anastrozole), in infertile, oligo- or azoospermic men with abnormal T/E ratios, treatment resulted in improvement in sperm concentration, motility, and morphology in all enrolled subjects ([@r30]), regardless of which medication the patient was taking. The use of anastrozole might be more effective at increasing the T to estrogen ratio, and is less likely to cause interruption of androgenic steroid production as well as aromatase inhibition as seen with testolactone, and has fewer side effects. The use of the AI letrozole in the treatment of 27 men with oligospermia or azoospermia showed a marked improved in the hormonal profile, and an improvement in the semen parameters including an increase in sperm concentration. Twenty percent of treated oligospermic men achieved spontaneous pregnancy and 24% of azoospermic men had sperm identified in the ejaculate ([@r34]). Since most men with low sperm concentration appear to commonly have excess aromatase activity leading to diminished T/E ratio, AIs seem to be effective in restoring LH, FSH, and T levels, improving semen parameters, and re-establishing fertility. Men that benefited the most had the diagnosis of NOA or idiopathic oligoasthenospermia and low T and T/E \<10^:^1 ([@r30],[@r33],[@r35],[@r36]). AI therapy is usually well tolerated with rare side effects, including nausea, decreased libido, asymptomatic mild elevation in the liver function tests ([@r37]). A very important side effect of AI is the possible decrease of bone mineral density and increase in the total body fat due to the decrease in availability of estrogen ([@r38]).

Selective estrogen receptor modulators (SERMs)
==============================================

SERMs are a class of compounds that act on the estrogen receptor as agonists or antagonists. Before the introduction of intracytoplasmic sperm injection, SERM's where one of the few option available for men with idiopathic infertility. While SERMs, such as clomiphene citrate (CC), tamoxifen, and toremifene, have been widely used in women for the treatment of breast cancer and osteoporosis, their use in the treatment of male hypogonadism and infertility is currently off-label. CC, like other SERMs, inhibits central estrogen feedback ([@r39]) and up regulates the production of LH and FSH, leading to induction of spermatogenesis. Because CC encompasses both a strong intrinsic estrogenic and anti-estrogenic properties, there is concern that the estrogenic effect of clomiphene can potentially have a deleterious effect on spermatogenesis. However, studies have shown that, in hypogonadal men, clomiphene can have substantial positive effects on serum T ([@r40]), and can increase pregnancy rates ([@r41]). In a case series from multi-international centers, men with non-obstructive azoospermia (n=42) treated with CC dose titrated to serum T level of 600 ng/dL, 64% of patients had sperm in their ejaculate, sufficient for intracytoplasmic sperm injection. However, this study did not have a control group and excluded all Sertoli cell-only syndrome patients ([@r42]), indicating that CC might not be effective in all pathological groups of men with infertility.

Tamoxifen citrate and other similar compounds toremifene and raloxifene are non-steroidal estrogen receptor antagonists with a similar mechanism of action as CC at the level of the hypothalamus and pituitary. Randomized controlled trials in men with oligospermia or azoospermia examining the efficacy of tamoxifen (20 mg daily) or toremifene and raloxifene (60 mg daily) have reported improvements in semen parameters and pregnancy rates following three months of treatment ([@r43]). However, other studies have shown improvements in the biochemical profile with no effect on semen parameters or fertility outcomes ([@r44]).

In a recently published meta-analysis that summarized the latest available randomized controlled trials regarding the use of estrogen antagonists (CC or tamoxifen) as empirical medical therapy for idiopathic male infertility with oligo and/or asthenoteratozoospermia, the pooled data showed that estrogen antagonist use was associated with a statistically significant increase in pregnancy rates compared with controls (OR 2.42; P=0.0004). A significant increase in sperm concentration by a mean difference of 5.24 M (5%; P=0.001) and percent sperm motility by mean difference of 4.55 (P=0.03) were also noted. The same meta-analysis also noted a significant elevation in the serum FSH and T levels that were associated with the use of CC or tamoxifen with no significant difference in adverse events noted between the treated group and controls ([@r45]). Other meta-analyses of men with oligoasthenospermia treated with anti-estrogens revealed no or slight increases in the pregnancy rates of 15.4% *vs.* 12.5% in control subjects. The authors did not support the use of anti-estrogens ([@r46],[@r47]).

Antioxidant
===========

Increased rates of infertility have been found in men with seminal fluid containing high levels of reactive oxygen species (ROS) ([@r48]). These ROS are associated with sperm dysfunction, germ cell DNA damage with the possibility of impaired fertility, but the exact mechanism is not completely understood. These associations have led clinicians to treat infertile men with antioxidant supplements. A variety of clinical trials have suggested that the use of antioxidant supplements have a slight benefit in improving sperm function and DNA integrity. However, most of these studies are not randomized controlled trials, and to date there are no convincing trials that have demonstrated a significantly higher unassisted pregnancy rate after treating men with antioxidant therapy ([@r49]). Moreover, the benefit of antioxidants might be limited to certain groups of patients that is not, as yet, clearly defined. The use of individual antioxidants is very common. These trends have led pharmaceutical companies to produce and market specific combinations of antioxidants, and numerous studies have looked at the benefit of these combinations. A study that looked at the use of vitamin E and C in combination found no improvement in semen parameters or pregnancy rates ([@r50]) and a similar study using vitamin E and C found a meaningful reduction in DNA fragmentation but no improvement in the semen parameters when compared to placebo ([@r51]). In a randomized controlled trial, the combination of vitamins A, C, E plus NAC and zinc increased sperm concentration with no impact on pregnancy rate ([@r52]). This group of patients also had varicocele correction surgery and the increase in sperm concentration can be confounded and not be associated with use of the antioxidant. A systematic review of 17 randomized trials, including 1,665 infertile men, was conducted to evaluate the effects of oral antioxidants (vitamins C and E, zinc, selenium, folate, carnitine and carotenoids) on sperm quality and pregnancy rates in infertile men. Fourteen of the 17 (82%) trials showed an improvement in either sperm quality or pregnancy rate after antioxidant therapy. Ten trials examined pregnancy rate and six showed a significant improvement after antioxidant therapy ([@r53]). This systematic review had multiple limitations: most these studies were not controlled and differed in study design. The combined data differed in population, dosage and duration of antioxidants used. Currently there are no specific recommendations on the use of antioxidants in the treatment of male infertility, and the use of these products is completely empirical.

Optimizing surgical sperm extraction with hormonal manipulation
===============================================================

The use of medical therapy to optimize surgical sperm extraction is based also on the concept that spermatogenesis is dependent on high levels of intratesticular T and FSH stimulation of the Sertoli cells ([@r2]). Since 60% to 70% of men with NOA will have focal spermatogenesis, the optimization of the hormonal profile in certain patients might be beneficial. The use of CC, AI, and gonadotropins may be beneficial in increasing intratesticular T levels and normalizing estrogen levels prior to sperm retrieval. In a retrospective study, men with KS and NOA who received AIs, clomiphene or hCG before microTESE and experienced T rebound to 250 ng/dL or greater had an increase in the sperm retrieval rate by 22% compared to men who did not reach serum level of 250 ng/dL ([@r54]). The same study also showed that KS patients may benefit by specifically using testolactone ([@r54]). A similar study that evaluated the use of medical therapy before sperm extraction (CC, AI, and gonadotropin), showed that non-KS men with nonobstructive azoospermia and hypogonadism often respond to hormonal therapy with an increase in T levels, but neither baseline T level nor response to hormonal therapy appears to affect overall sperm retrieval, clinical pregnancy or live birth rates ([@r55]). To understand the benefit of pretreatment prior to micro-TESE requires well designed randomized control trials and to date the results are not conclusive. Although there is a paucity of level one evidence, a prospective study that evaluated the use of CC showed a statistically significant increase in favorable testis biopsy patterns and increase in the likelihood of sperm extraction in patients with maturation arrest or hypospermatogenesis on pretreatment biopsy ([@r42]). By contrast, 66 men treated with CC for 2-3 months prior to micro-TESE did not exhibit any improvement in sperm retrieval rate or clinical pregnancy rates ([@r55]).

The use of gonadotropins to optimize sperm extraction is controversial, and the patient population that might benefit from such treatment is undetermined. Randomized control trials may help to elucidate the role of medical therapy prior to sperm retrieval. A study in men with normal FSH levels and hypospermatogenesis on testicular biopsy suggested possible benefits from such treatment ([@r56]). The use of hCG and/or rFSH in men with NOA has been associated with sperm retrieval in men who failed initial micro-TESE who then underwent repeat sperm extraction ([@r57],[@r58]), and in KS men before micro-TESE to optimize T levels ([@r54]), as well as in men with hypogonadism who failed to normalize their T levels with CC therapy before TESE ([@r59]).

Conclusions
===========

Understanding the HPG axis and the effect of estrogen excess is critical for the assessment and treatment of male infertility. However, the goal of infertility treatment in all these men is to optimize LH levels to stimulate T production from the Leydig cells, FSH levels to stimulate Sertoli cells and spermatogenesis, and eliminate any estrogen excess. Pharmacologic therapy is only effective in a handful of known causes of male infertility where the causes are relatively well-defined and understood. Based on current data, hormonal therapies in general should not be used indiscriminately for the treatment of idiopathic male infertility due to questionable efficacy and restrictive cost.
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